With unprecedented water scarcity in Earth's water-limited regions, due in large part to continued rapid population growth, peaceable relations among nations are threatened as nations compete with one another for increasingly scarce water resources. This competition occurs against the backdrop of global change -an array of multi-disciplinary socioeconomic and physical processes that affect water availability. In transboundary basins this multitude of complex uncertain processes often underlain by numerous non-linear, coupled mechanisms controls the amount of water available to be shared among basin riparians and aquatic ecoystems. In this context equitable water sharing and knowledge-based management of besieged aquatic ecosystems demands the strongest possible scientific inference. While transboundary water sharing under non-stationarity has been treated, the impacts of securitization on hydrological process understanding remain largely unknown. However, it is precisely this hydrological process understanding that controls water available for sharing in securitized transboundary basins under non-stationarity. Given the expense involved in solving problems of water scarcity amidst rising population, securitizing state actors may perceive benefit in influencing the hydrologic science literature, including by climatizing increased water scarcity or reduced water quality, even if the true impact is that of a riparian's own water management practices. Indeed, evidence is already emerging of differing hydrologic process understanding in studies impacted by securitization versus those in the broader international literature. Modifying treaties and water sharing agreements to give a neutral third-party arbiter responsibility for resolving contested hydrologic science issues may promote equitable science for the benefit of both aquatic ecosystems and co-riparian states.
Background
With four billion people facing severe water scarcity (Mekonnen and Hoekstra 2016) , food production is limited, ecosystem functioning impaired, and urban water supply stressed in Earth's water-limited regions (Jury and Vaux 2007) . Unresolved, this unprecedented water scarcity portends water-driven conflicts (Shuval 1992; Wolf 2009; Stetter et al. 2011; Zeitoun et al. 2019 ) and degradation of treasured aquatic ecosystems (Wine 2019d) . Resolving water conflicts is largely treated as a political issue -the determination of equitable allocations (Benvenisti and Gvirtzman 1993; Wolf 1999) . However, in the Anthropocene 1 (Lewis and Maslin 2015) water science plays the role of quantifying water 1 The term Anthropocene has become synonymous with securitization. Firstly, a key characteristic of the Anthropocene is that the measures that humans have put in place to secure their populations in turn threaten human security. For example, construction of dams simultaneously secures populations by providing water for municipal uses and agriculture, while threatening the security of aquatic populations and downstream riparians. If human security is in turn linked to national security, then securitization occurs. Secondly, the defining of a new geological epoch may be seen as risking exaggeration of human impacts. Nonetheless, the range of human impacts in recent decades is unprecedented as seen from the extensive desiccation of the Aral Sea, Lake Urmia, the Great Salt Lake, and the Dead Sea, among many other examples. Moreover, climatic non-stationarity requires new methods be employed for predictive modeling. The term Anthropocene then is used here to refer to the unprecedented environmental degradation of recent decades along with the particular modeling challenges that earth scientists face in attempting to disentangle highly correlated processes, account for large state changes, model impacts of climate change, and predict impacts of rising human population. It is the author's belief that earth (and allied) scientists have a responsibility to produce credible investigations of Anthropocene problems-that support rational discourse, are balanced, clearly quantify the uncertainties around conclusions, and involve appropriate contributions from all relevant disciplines. availability and how it will change over the coming decades due to diverse global change drivers, a profoundly interdisciplinary challenge (Brasseur and Van Der Pluijm 2013; Wine and Davison 2019) involving -at minimum -surface water, groundwater, environmental, climate, ecological, social, and economic science (Liu et al. 2017) .
If the extent of the interdisciplinary challenge were inadequate, politicization and securitization of water resources -including through climatization (Grant et al. 2015) -magnifies the challenge when vested interests, concerned with economic or security aspects of water, endeavor to sway the scientific literature to their benefit (Wine 2019a, b, c, d) . Securitization of water resources occurs when "an issue is presented as an existential threat, thereby allowing for the endorsement of exceptional measures to deal with the identified threat" (Zeitoun and Warner 2006; Warner and Boas 2017) . One consequence of securitization is the adoption of a sanctioned discourse (Feitelson 2002) in which the securitizing actor sanctions a certain set of ideas it considers favorable and advances this sanctioned discourse while stealthily, but vigorously suppressing alternative perspectives. While it is the duty of the hydrologic science community to ensure high quality and free science -characterized by open dialogue and willingness to refute assumptions and theories -in all realms including securitized transboundary watersheds, the securitized domain poses unique and formidable challenges to scientists seeking the truth (Wine 2019d ).
Hydrology securitized
Challenges facing scientists in securitized transboundary watersheds may include:
& Limited freedom of expression (Wine 2019c) . & Attempts to co-opt the hydrologic literature to game water sharing (Wine 2019b) or limit government responsibility for degradation of treasured aquatic ecosystems (Wine 2019d) . & Limited data access (Klein 1998; Avni et al. 2015; Momblanch et al. 2019) to scientists who stray from sanctioned discourse (Wine 2019d ).
Therefore, we aim to expose some of the (geo)political consequences of global change processes unique to the securitized transboundary watershed setting.
Lake Kinneret as an exemplar
As an exemplar of works that have potential implications in the securitized transboundary water context, we take all studies that focus on Lake Kinneret, Israel and the Upper Jordan River (UJR) watershed since 2007 whose lead authors' domicile acts to securitize the watershed and in which the study's conclusions have the effect of modifying long-term water availability or quality (Givati and Rosenfeld 2007 , 2009 , 2013 Tal 2017 Tal , 2018 Givati et al. 2019; Gophen 2019; Tal 2019b, c) While this exercise focuses in particular on the securitized transboundary watershed context, it is applicable more broadly to strong inference (Platt 1964) in the global change hydrology discipline as well as to other securitized or politicized science topics.
Hydrologic science and water sharing

Climatic changes
In the Mediterranean region changing climatic conditions are predicted in the form of higher temperatures and decreasing precipitation (Giorgi and Lionello 2008) . In a water-sharing context, decreasing inflows implies decreasing available water subject to water sharing agreements. If the proportion of water allocated to each riparian remains the same, then decreasing available water implies a corresponding reduction in the responsibility of the upstream riparian to supply water to downstream riparians or secure aquatic ecosystems. Indeed, numerous publications maintain that impacts of climate change are already the primary driver of changes in Lake Kinneret's water balance (Givati and Rosenfeld 2007 , 2009 , 2013 Tal 2017 Tal , 2018 Givati et al. 2019; Gophen 2019; Tal 2019a, b, c) .
Specific processes nominally supporting the claim of climatically driven decreasing water availability include only lake shrinking primarily due to orographic precipitation suppression due to anthropogenic aerosols.
• "The rainfall analysis [which excludes the Golan Heights] shows no evidence of any suppression of rainfall over the mountains due to pollution" (Alpert et al. 2008) • "No decrease in the ratio between the mountain precipitation to that over the coastal region was found" (Halfon et al. 2009 ) • In the Dead Sea, whose basin completely includes that of Lake Kinneret "substantial human intervention in the lake watershed caused a steep decline of lake level" (Morin et al. 2018 ) • "over-exploitation" (Inbar and Bruins 2004) Decreasing available water
• "decreasing trend in the incoming fresh water into the Sea of Galilee (Lake Kinneret) during the recent decades" (Givati and Rosenfeld 2013; Tal 2017 Tal , 2018 Givati et al. 2019; Tal 2019a, b, c) • "no decreasing trends in inflow from the headwaters of the Upper Jordan River" and "statistically stable median precipitation" ) • "no significant temporal change of the annual rainfall occurred in any region of the study area", which excluded the Golan Heights (Halfon et al. 2009 ) • "drier conditions ..
. not yet statistically evident in surface station rain data" (Shohami et al. 2011) Climate change • "effects of the predicted climate changes on the hydrological cycle in the region shows an increase in potential evaporation and a decrease in streamflow volumes in the Jordan River" (Givati et al. 2019) • "Measurements over the past forty years in the watershed. .. strongly support the view that it is in fact climate change, and the associated reduced rainfall, that is responsible for the Lake Kinneret's reduced inflow" (Tal 2019c)
• "predicted results varied between the climate models" (Rimmer et al. 2011 ) • "climate model projections of regional precipitation remain highly uncertain" (Black et al. 2010) • questions have been raised about the credibility of climate projections given that they are poorly correlated with observations in the historical record (Nohara et al. 2006; Douglass et al. 2008; Koutsoyiannis et al. 2009; Kundzewicz et al. 2009a; Anagnostopoulos et al. 2010; Christy et al. 2010; Koutsoyiannis et al. 2010; Kundzewicz and Stakhiv 2010; Schwartz et al. 2010; Stockwell 2010; Scafetta 2012 Scafetta , 2013 Legates 2014; Connolly et al. 2019 ).
"Water loss"
•" enhancement of gravitating water loss"
• " There is no black hole swallowing water in the Hula Valley" (Wine 2019c) Water quality • "steady increase in salinity levels in the lake which as present hydrological models predict, corresponds to the reduction in precipitation" (Tal 2019b) • "the increasing rates of freshwater consumption and diversion in Lake Kinneret's headwaters clearly contribute to the observed water quality degradation" (Wine 2019a) • "the trends of salinity according to other models were mild" (Rimmer et al. 2011) Evaporation • "it is clear that due to increase in temperature. .. evaporation has increased over the past decades." (Tal 2019b) • "Claims that evaporation from Lake Kinneret have increased due to rising temperatures neglect the shrinkage of the lake's area -the area over which evaporation occurs" (Wine 2019a) • "During July -August the daily temperature of the air and water surface were 2-4°C higher, the daily wind over the lake was~80% weaker, and the evaporation from the lake was~5% lower than the long-term July -August mean." (Shilo et al. 2015) Groundwater-surface water interactions
• "Artesian wells. .. in fact, release water into the watershed and do not constitute a net drain on lake inflow" (Tal 2019b)
• "current hydrologic theory suggests the hydraulic head gradient driving artesian flows in northern Israel within the Kinneret's basin is derived from Mount Hermon such that increasing release of water from artesian wells reduces natural spring flows" (Wine 2019a) • "An interaction between the lake and the groundwater storage is clearly seen from the analysis to conclude that groundwater has a potential to recharge the lake" (Vaheddoost and Aksoy 2018) orographic precipitation suppression by anthropogenic aerosols Rosenfeld 2007, 2009) , shifts in the Arctic Oscillation (Givati and Rosenfeld 2013) , and anthropogenic climate change (Givati et al. 2019; Gophen 2019; Tal 2019b, c) . However, these claims of climatic change impacts on the water balance of the Kinneret have been widely questioned (Inbar and Bruins 2004; Alpert et al. 2008; Morin et al. 2018; Wine 2019b, c, d; Wine et al. 2019b ) and are at odds with the international literature, which notes the role of increasing human water consumption in desiccating lakes on many of Earth's continents (Micklin 1988; Micklin 2007; Aghakouchak et al. 2015; Moore 2016; Fazel et al. 2017; Wurtsbaugh et al. 2017; Alborzi et al. 2018; Chaudhari et al. 2018; Rodell et al. 2018; Wang et al. 2018a; Khazaei et al. 2019; Shentsis et al. 2019; Wine et al. 2019a ).
In transboundary watersheds that include substantial consumption of water by water dependent systems, such as evaporation from lakes, the parties might reasonably agree that this consumption reduces the amount of water available for human consumption by the same amount -with the aim of preserving such ecosystems. Here too climate change plays a role with quantitative predictions of evaporation increasing substantially from Earth's lakes (Wang et al. 2018b ) and Lake Kinneret (Rimmer et al. 2011 ) due to climate warming -16% and 10-20%, respectively, by the end of the century. In fact, temperature increases are not the only variable relevant to changing open water evaporation-changing lake area (Zhan et al. 2019 ) and wind associated with synoptic weather patterns (Shilo et al. 2015) complicate this relationship. However, these quantitative physically based predictions contrast with qualitative attributions suggesting -despite decreases in lake area -that "it is clear that due to increase in temperature, evaporation has increased over the past decades" (Tal 2019b ). Thus, according to this attribution, substantial reductions of available water have definitively already occurred and justify reducing allocations to downstream water users, whereas the quantitative literature not only indicates a more complex reality but also offsets the largest changes in lake evaporation flux by eight decades from the present.
Groundwater-surface water interactions
Groundwater-surface water interactions also affect water sharing and aquatic ecosystems in a transboundary watershed. If groundwater and surface water are isolated from one another and do not interact -a pre-Theis (1935) conceptual modelthen presumably the upstream riparian may consume groundwater according to her discretion within her territory as such groundwater consumption has no bearing on the renewable surface waters governed by the water sharing agreement. In contrast, if groundwater does interact with surface water then reductions in surface flows -due to rising rates of groundwater consumption -should have no impact on the amount of water shared with downstream riparians. Indeed, the sanctioned discourse of Lake Kinneret states that "Artesian wells, in fact, release water into the watershed and do not constitute a net drain on lake inflow" (Tal 2019b ). This groundwater originates "from an aquifer which never contributed to Kinneret flow historically" (Tal 2019b ). Thus, the sanctioned discourse of securitized Lake Kinneret's watershed advocates for the discredited pre- Theis (1935) conceptual model that would simultaneously allow the upstream riparian to increase groundwater consumption while reducing her obligation to share surface waters -whose availability decreases as a consequence of groundwater extraction -and minimizing her responsibility for any degradation of aquatic ecosystems.
Agricultural water consumption
In contrast to the growing trend of basing agricultural water consumption on repeatable and verifiable methods of remote sensing, which show clear increases in agricultural areas in recent decades , the sanctioned discourse of the UJR watershed favors an opposing view: "discussions 
• "Allocations to farmers have been cut back" (Tal 2019b) • "the decrease in discharge of the Upper Jordan River corresponded to a period of expanding irrigated agriculture" Prevailing views • "The prevailing view among Israeli government experts and academic water researchers is that diminishing rainfall along with increased evaporation have reduced annual flow into the lake." (Tal 2019b) • "this 'prevailing view' is the only sanctioned view. They further neglect to articulate the consequences faced should a scientist resist adopting sanctioned discourse" (Wine 2019a) Untangling climatic impacts for knowledge-based management of transboundary water resources is challenged by conflicting perspectives between state-sanctioned discourse and non-securitized perspectives. The state sanctioned discourse focuses on attributing causes of observed long-term water balance and water quality changes in Lake Kinneret and its watershed to exogenous (often climatic) factors. This sanctioned discourse derives from scientists whose domicile also serves as an upstream riparian and actor securitizing the Jordan River headwaters. The non-securitized perspective comes from scientists domiciled in a state that protects freedom of expression, refers to a non-securitized domain that is likely to be influenced by a similar set of hydrologic processes, or references works published before 2005 -since which time securitization of the hydrologic literature appears to have intensified with water managers responsible for the region confirm that ... water removal from the Kinneret watershed has been further reduced: Allocations to farmers have been cut back; Fish ponds, for example, which used to consume significant quantities of water, have essentially been phased out of operation" (Tal 2019b ). This sanctioned discourse, in contrast to Landsat imagery, also furthers the narrative that the JRH watershed, within one of Earth's more densely populated countries, is essentially pristine and is on a trajectory toward becoming more pristine. It would follow logically that from such a pristine setting, decreasing streamflow must be a result of natural or exogenous processes, outside the control of the upstream riparian, and therefore a reflection of decreasing available water, and a decreasing responsibility of the upstream riparian to share water with downstream riparians or secure aquatic ecosystems.
Prevailing views
Given the complexity of the Earth system, the concept of a consensus is powerful and increasingly used in the climate change literature to convey the strength of agreement among scientists regarding the anthropogenic origin of observed climate change (Oreskes 2004; Doran and Zimmerman 2009; Cook et al. 2013; Maibach et al. 2014 ). The power of the concept of a consensus on climate change is derived only in part from the widespread view of climate scientists, who have studied a range of alternative hypotheses and now advance rising greenhouse gas concentrations as the driver of observed warming trends. A paramount condition of the power assigned to consensus is the freedom of expression amongst the scientists. Tal (2019b) suggests a similar consensus regarding the role of climate change in modifying the water balance of the UJR watershed: "The prevailing view among Israeli government experts and academic water researchers is that diminishing rainfall along with increased evaporation have reduced annual flow into the lake. The dramatic drop in average annual precipitation in the watershed is typically attributed to climate change". Indeed a cursory look at the literature would appear to support this assertion (Givati and Rosenfeld 2007 , 2009 , 2013 Givati et al. 2019; Gophen 2019; Tal 2019b, c) .
However, a deeper examination of "prevailing views" among water scientists in Israel questions the premise of Tal (2019b) that water scientists domiciled in Israel have freedom of expression. Reporters Without Borders (https://rsf.org/en/ ranking#) ranks Israel 87 a rank that reflects its policy of censorship. According to the US State Department, this censorship includes "specific military issues as well as strategic infrastructure issues such as oil and water supplies" (https://www.state.gov/j/drl/rls/hrrpt/2006/78854.htm). Wine (2019b) confirms that "securitization is a euphemistic term that belies the treatment of scientists -by the securitizing actor -whose research departs from sanctioned discourse." Moreover, "in a securitized context, the securitizing entity also serves as a scientific puppetmaster, guiding sanctioned discourse toward publication, and discouraging unsanctioned discourse through the use of all possible means. Consequently, science and securitization are fundamentally at odds in securitized basins" (Wine 2019c ). Thus, the claim of prevailing views or consensus is weakened in a securitized context or one in which freedom of expression is stifled.
Shortcomings in the Lake Kinneret literature
Of the studies claiming climatic factors are the primary driver of observed decreasing inflows to Lake Kinneret, numerous shortcomings arise, weakening their potential to serve as a basis for equitable management of a transboundary basin or knowledge-based management of aquatic ecosystems (Fig. 1 ).
Limitations include:
& None consider multiple quantitative lines of reasoning that have been or could be verified by international scientists (i.e., remote sensing or measurements by independent third parties). & All originate from a securitized domain where freedom of expression is limited (Wine 2019a, b, c) . & Reliance on qualitative "expert opinion" may be used to arrive at quantitative conclusions, thereby weakening their objectivity and reproducibility (Wine 2019a) . & The science of groundwater-surface water interactions predates Theis (1935) , part of a broader trend of disparity between the science adopted within the securitized zone versus that present in the broader international literature (Wine 2019a) . & Methodology may be absent or difficult to reproduce, challenging verification or falsification of theses (Wine 2019a) . & Data that are inconsistent with the objective of sanctioned discourse are consistently disregarded (Wine 2019a) . & Data access may be limited to trusted individuals known to produce sanctioned discourse alone (Wine 2019d; Wine et al. 2019b) . & Lack of model validation or selection of optimal model structure on the basis of objective quantitative criteria. & Ubiquitous disagreement between the sanctioned discourse assigning Lake Kinneret's shrinkage to climatic factors versus opposing conclusions reached in the broader literature (Table 1 ).
These shortcomings prevent certain studies within the scientific literature from serving as a reliable means by which to quantify changes in water availability, and in so doing determine how water allocations to aquatic ecosystems and riparians of a transboundary basin should change over time due to global change drivers.
Toward a physical hydrology basis for equitable water sharing
Given the extent of the international hydrologic global change literature, what are the objective characteristics of individual studies or bodies of literature that provide the strong scientific basis necessary for equitable water sharing in a transboundary basin and knowledge-based management of aquatic ecosystems forced by global change drivers? Here we propose criteria by which the broader hydrologic literature might be filtered to ensure that science that modifies water sharing in a water-scarce transboundary watershed does so on the basis of strong inference (Platt 1964 ). Such literature:
& Arises from a non-securitized domain with strong protections for freedom of expression. "Intellectual progress is compatible only with perfect freedom in the conduct of investigation and in the announcement both of results and of conclusions based upon those results. Attention is called also to the fact that the scientific world can place no reliance upon reports of research carried on under conditions which limit its freedom by an enforced agreement with any preconceived views or dogmas" (American Society of Naturalists 1937). (While there is no index of scientific freedom, a possible surrogate may be the Freedom in the World Index. Scholars at Risk also documents certain incidents of insults against academic freedom.) The role of members of the international community whose freedom of expression is protected -in desecuritizing hydrologic science -is also advanced by Momblanch et al. (2019) : "transboundary research projects should be promoted by independent international institutions" that are not influenced by securitizing state actors. However, through case by case review of studies emerging from the securitized domain, valid and sound scientific studies may be found that can serve as a basis for equitable water sharing in the transboundary context. & The methodology is clearly stated and repeatable, aimed at testing and conclusively excluding alternative hypotheses. It is based on data that are readily available and have been subjected to stringent quality control, whose methods are known and documented in the lingua franca of science. & Processes in the body of literature are weighted according to their scientific importance and are funded and investigated irrespective of whether they lead to increase, Fig. 1 Centuries of scientific process have provided a basis for methods of strong inference to facilitate equitable water sharing. We suggest this as template to determine if particular studies or bodies of literature are conducive to the strong inference necessary for equitable water sharing and knowledge-based management of besieged aquatic ecosystems decrease, or no change in water sharing obligations of the upstream riparian or the responsibility of the upstream riparian for the condition of aquatic ecosystems. Given the breadth of global change processes this will involve both multi-and inter-disciplinary research. & Quantitative conclusions are supported by a physically based methodology based on the modern state of the international scientific literature. & Conclusions are premised on multiple lines of independent reasoning and based on data sources that are either undisputed by any riparian, independently verifiable by all parties (i.e., remote sensing), or measured by an independent third party unaffiliated with any securitizing actor.
By filtering studies that can impact transboundary water sharing and treasured aquatic ecosystems through the filter suggested here, not only can water sharing and management become more equitable, but the quality of the scientific literature in such domains may improve. Such a goal might be achieved by modifying existing water sharing agreements to state explicitly what attributes a hydrologic study must have such that it can be considered sufficiently compelling to modify a water sharing agreement. Moreover, the riparians might reasonably agree to resolve disagreements regarding the state of hydrologic science on the basis of hydrologic science measurements (including remote sensing) and determinations made by a neutral third party. Such an agreement might prevent jockeying in the hydrologic science literature to influence water sharing, neutralize power dynamics, disincentivize securitization, and thereby promote a strong hydrologic science underpinning that would favor equitable water sharing in transboundary watersheds under non-stationarity.
